INTRODUCTION
The growing demand for economical and safe meat and egg supply has led to rapid development of the poultry industry. The emergence of industrial farming and the intensification of farm operations have promoted the growth of the poultry industry around the world, with China, Russia and India ranked among the top poultry-producing countries. With a total revenue of 564 billion Pakistani Rupees (PRs.) per year, Pakistan's poultry production industry ranks as the country's second largest organized and dynamic industry. This industrial sector has rapidly developed in the recent decades and is as source of direct and indirect employment opportunities to about 1.5 million people in the country. The potential of this sector can be gauged from the fact that its annual growth rate is between 8-10%. Although 40% of the annual domestic meat consumption demand in Pakistan is supplied by commercial poultry farms, the sector still faces major challenges, which include lack of resources to manage poultry diseases, power shortages, increasing feed prices, and poor law and order situation in the country (Memon, 2012) .
Respiratory and Other Health Risks among PoultryFarm Workers and Evaluation of Management Practices in Poultry Farms
Poultry farm businesses are associated with a number of local and regional environmental impacts. Poor manure management practices give rise to soil and water pollution. The use of pesticides and insecticides adversely affect the quality of nearby surface and ground water resources (Environmental, Health, and Safety Guidelines for Poultry Production, 2007) . Odor emissions, due to release of gases including ammonia (NH 3 ) and hydrogen sulfide (H 2 S), along with some volatile organic compounds (VOCs), significantly affect the environment and health of poultry workers (Donham et al., 2002) . Confinement areas with high concentration of poultry or other livestock have been associated with frequent complaints of odor nuisance, which has been linked with health symptoms, including headache, irritation of eyes, nose and throat, and drowsiness (Hartung & Schulz, 2011) .
The main air pollutants -collectively referred as bio-aerosols -present in poultry production and hatcheries include poultry dust (mainly produced from microorganisms and their metabolites), pathogens, endotoxins, as well as NH 3 and carbon dioxide (CO 2 ), as a consequence of excreta decomposition, respiration of poultry and other operations in the animal confinement buildings. These and others factors like manure, litter, feather, fragments and skin of animals are associated with adverse environmental and health impacts (Health and Safety Executive, 2009) .
Epidemiological studies have shown that acute and chronic respiratory disease symptoms are prevalent in poultry-farm workers due to exposure to environmental conditions and live birds in confinement buildings. Hypersensitive lung diseases, such as extrinsic allergic alveolitis, and other acute respiratory symptoms (coughing, wheezing, and respiratory distress) have been associated with the inhalation of organic dust for prolonged exposure periods. Chronic respiratory disorders are also prevalent among poultry-farm workers, with 'ODTS (organic dust toxic syndrome)' and asthma being the most common. The type of health response depends on the level and frequency of exposure (Viegas et al., 2013) . It is reported that 20% of the poultry-farm workers suffer from acute respiratory disorders, exhibiting symptoms such as wheezing, cough, phlegm, and sputum (Oppliger et al., 2008) .
Physical hazards present in the work environment of poultry farms include heat stress, heat exhaustion, high noise levels, heat-induced dermatosis, high temperature and humidity in indoor confinement buildings. Chemical hazards result in acute and chronic respiratory diseases due to poultry dust exposure, skin and eye diseases due to the exposure to toxic gases originating from manure handling operations, immune diseases, and exposure to detergents, pesticides and disinfectants. Additionally, VOCs have also been detected in blood samples of poultry-farm workers (Jameel et al., 2015) . The incidence of acute and chronic respiratory disorders such as wheezing, phlegm, congestion, dyspnea, upper respiratory tract irritation and other skin irritations in poultry-farm workers is mainly due to occupational exposure to chemical and biological hazards (May et al., 2012; Donham et al., 2000 Donham et al., , 2000a .
Zoonotic diseases and infections (biological hazards) are transferred between animals and humans via different routes and infective agents, including bacteria, fungus, endotoxins, and viruses. Microbial inflammatory agents (such as endotoxins) have also been linked with a decrease in airflow and related respiratory symptoms. The (1/3)-beta-D-glucan present in the cell wall of fungi is another source of biological hazard. Its adverse health impacts involve suppression of the immune system and increase in the sensitivity to allergens (Ajetomobi et al., 2010) . Other types of biological agents, including primary and opportunistic biological agents, are associated with the prevalence of multi-factorial environmental diseases. Some strains of microorganisms are capable of surviving in an airborne state for several minutes and can disperse in the vicinity of the poultry farm areas. A pertinent example is the mouth and foot virus, which can disperse to an aerial distance of 50 km. Bacteria of the genus Staphylococcus, which are commonly present in animal production houses, has been found to occur about 500m downwind of poultry barns at high concentrations of about 4000 cfu/m³ (LawniczekWalczyk et al., 2013) .
Moreover, occupational hazards to which poultryfarm workers are exposed also include ergonomic factors that involve back pains, mainly due to wrong work postures and moving activities (Okiki et al., 2013) . It has been demonstrated that farm management practices can have a profound impact on workers' health in numerous ways, while improved health and safety (H & S) management in the farms is associated with lower incidences of workplace injuries and accidents (Autenrieth et al., 2016) .
In view of the importance of the health and safety of poultry-farm workers, the current study was undertaken to identify the occupational hazards prevalent among poultry-farm workers, to determine their health status with key focus on respiratory health, to monitor environmental conditions, and to assess the implementation of standard management practices.

MATERIALS AND METHODS
Eight (8) commercial poultry farms of Lahore and Sheikhupura, located in the province of Punjab of Pakistan, and a total of 71 poultry-farm workers were selected for this study. The following methodology was employed:
Environmental Monitoring
Air monitoring was performed twice: two separate readings, with a 10-min interval, were made during the work shift in each of the selected farms. The parameters monitored included total suspended particles (TSP), using a dust monitor (Micro dust Pro CEL-712a, Casella CEL, UK); ammonia (NH 3 ), using Drager tubes (X-am 5600, Drager, Lubeck, Germany); carbon monoxide (CO) level, using an air analyzer( IBRID MX6, iTX TM , Industrial Scientific, USA); noise level, using a digital sound level meter(850029, Sper Scientific, USA); and environmental temperature and humidity using a digital temperature and humidity clock meter (Model HTC-1, China).
Questionnaire Survey
A questionnaire was designed to analyze the H&S hazards experienced by poultry-farm workers at study sites. The questionnaire was based on the standardized questionnaire of the American Thoracic Society, which is recommended for use in epidemiological surveys and literature on common H&S hazards found in poultry production activities (Ferris, 1978) . The questionnaire included basic demographic information, smoking status of workers, number of years of working in the selected areas, type of fuel used in homes, education status, and types of pesticides used on the poultry farm. With reference to hazards, the questionnaire contained four main sections related to physical, chemical, and biological hazards, as well as personal protection care. The chemical hazards section included questions on different health symptoms commonly experienced by poultry-farm workers, including fungal allergies, dust allergies, skin diseases, back pain, and respiratory disorder symptoms, including upper tract infections and allergies. Questions regarding current workers safety procedures practiced on the farms were also included.
Respiratory Health Assessment
Spirometry tests were performed to assess the lung function and respiratory health of poultry-farm workers by measuring the volume and flow of pulmonary inhalation and exhalation. Consent: Following the guidelines for such research, consent was obtained from workers. Participation of workers was voluntary and they were required to sign the consent form before undergoing lung function test and filling the questionnaire. Questionnaire filling and lung function test were conducted on site on each farm with the permission of the administration.
The research study was carried out after prior approval from the Human Ethical Committee of the Kinnaird College for Women.
Assessment of the Implementation of Standard Management practices
A checklist based on standard management practices and guidelines for poultry industry (EHS, 2007; Poultry Industry Good Practice Checklist, 2013) was designed to evaluate the implementation status of good management practices and to ensure the H & S of poultry animals and workers.
Statistical Analysis
The data from the questionnaire survey was compiled and statistically analyzed using IBM SPSS version 20. The statistical tests applied were Pearson's chi-square test and Cramer's V test.
RESULTS AND DISCUSSION
Environmental monitoring
The results of the environmental monitoring (Table  1) show that all the air quality parameters, except for temperature and humidity, were well below the permissible occupational limits set by the Occupational Safety and Health Administration (OSHA) and National Institute for Occupational Safety and Health (Donham et al., 2002) . On all monitored farms, average dust concentrations, ranging from 0.662-1.564 mg/ m 3 , were lower than the standards, but higher than those reported in Europe, where the measured dust for inspirable/inhalable dust samples. In another study, dust concentrations in poultry farms were between 0.02 to 81.33 mg/m 3 (inhalable) and between 0.01 to 6.5 mg/m 3 for respirable dust (Ellen et al., 2000) . Although the poultry industry in North America does not report dust data, a number of studies did show the presence of endotoxins in dust samples (Reed et al., 2006) .
The maximum recorded temperature (32.75 o C) and humidity (85.5%) were relatively higher than the recommended limits, which may be due to the fact that the monitoring was conducted in the summer. As a consequence, the health survey indicated that 21.1 % of the workers suffered from heat-induced dermatitis and 38% suffered from heat exhaustion during the summer. However, according to the farm administration, the temperature and humidity of the poultry farms were monitored and maintained at the best level possible using ventilation fans and humidifiers to promote a favorable indoor temperature and humidity levels for the birds.
Health assessment and spirometry results
A total of 71 poultry-farm workers participated in the questionnaire survey for health assessment. All the interviewed workers worked for one shift of up to 12 hours. Table 2 summarizes the information acquired through questionnaire.
The duration of work experience was in the range of 1 month up to 7 years, with an average of 2 years. Most poultry-farm workers were young, with an average age of 25 years. Similar to present results, the study of Das et al. (2014) also reported similar job experience between 6-8 years, with 1.72±0.965 years. The statistical analysis (Chi-square and Cramer's V tests) showed significant relationship between worker age and duration of work experience (p<0.05).
Most workers attended school up to primary (5 th grade) and middle (8 th grade) grades. Most workers were non-smokers (60%) as compared to smokers (32%) and ex-smokers (7%). Most workers (76%) said they use wood as fuel for cooking and heating purposes at their homes due to the lack of availability of gas facilities in rural areas. However, no significant correlation (p>0.05) was found between fuel type used at home and workers' respiratory health.
The most common physical hazards experienced among poultry-farm workers include heat-and skininduced dermatosis, back pain due to over-exertion and wrong posture, and heat exhaustion during summer season (Guillam et al., 2013) . Although in the studied areas, a large percentage of workers was not subjected to overall physical hazards mainly due to the efficient distribution of tasks among the workers, 21.1% of the workers suffered from heat-induced dermatosis and 38% suffered from heat exhaustion. These conditions may be linked to the shed temperature and humidity, which were higher than the permissible occupational standards, especially during summer.
The most common chemical and respiratory hazards identified include acute and chronic respiratory and ocular symptoms, such as wheezing, chest tightness episodes, shortness of breath, cough, phlegm, asthma, and eye itchiness and swelling (Guillam et al., 2013) . However, in the present study, only a small percentage (7%) of the workers suffered from some kind of chest illness that caused absenteeism. Most of the workers did not report any acute or chronic respiratory 
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and ocular symptoms. The prevalence of respiratory symptoms experienced by the respondents included wheezing during colds (18.3%), wheezing when not suffering colds (1.4%), chest tightness (16.9%), shortness of breath along with chest tightness (9.9%), routinely experience breathing problems (14.1%), and coughing (15.5%). These symptoms were also reported as the most common complaints by Skorska et al. (2007) in a study on workers' health status in a hatchery with effective ventilation system. Viegas et al. (2013) also documented high incidence of respiratory signs in poultry-farm workers that did not have asthma, and included wheezing (19.1%), sneezing, runny nose without flu or cold (12.8%), coughing (29.8%), and chest tightness (12.8%).
In the present research, only 1.4% of the workers complained of asthma. As previously shown, the incidence of asthma does not seem to be increased in animal farmers mainly owing to the fact that farmers with asthma are inclined to quit this profession due to exacerbation of their symptoms (Reed et al., 2006) . The incidence of asthma in male poultry farmers was reported to be as low as 1.2% in the study of Zuskin et al. (1995) .
Eye conditions (watery eyes, and redness and itchiness) were experienced by 16.9 to 31% of the workers, which may be attributed to grain dust, as some people may be sensitized to dust, such that even low exposure levels may trigger eye and nasal irritation or worsen asthma (HSE, 2009) .
The statistical analysis (Chi-square and Cramer's V tests) did not show any significant effect (p values > 0.05) of the duration of work experience on different respiratory and ocular symptoms. This may be explained by the short duration of work experience of most of the workers, who therefore, were subjected to shorter time of exposure. Studies associate increased risk of respiratory hazards with the length of service, showing higher incidence of lung function decrement among workers with 10 or more years of exposure (Reed et al., 2006; HSE, 2009; Omland, 2002) .
Likewise, most of the workers were not subjected to biological hazards (hay fever, colds and flu, other types of infections). Among the different types of infections evaluated, 23% of the workers experienced some kind of respiratory infection, indicating the prevalence of respiratory diseases. According to the survey, all workers used personal protective equipment 
(PPE), which included uniform kits (overalls, boots) and mask The mask was usually worn when antibiotics were sprayed, whereas the uniform kit was mandatory for all workers while working inside the sheds during the 12 hr work shift. The efficient use of PPE plays an important role in reducing the prevalence of different hazards among poultry-farm workers. Spirometry was performed to measure the lung function patterns of the respondents. The three important measures of spirometry used include FEV1 (exhalation volume of patient in the first second forced expiration), FVC (forced exhalation volume of patient), FEV1/FVC (the ratio of FEV1 to FVC expressed as a percentage) and VC (vital capacity).
The spirometry measurements and the observed lung function patterns indicate that the majority (65%) of the workers had restrictive defects, 21% had normal lung function pattern, while 14% of the workers had obstructive defects. The mean observed values of FEV1, FEV1/FVC and FVC were 2.2 ± 1.01, 87 ± 17.7, and 3.67 ± 1.09, respectively, whereas the mean % predicted value of FEV1, FEV1/FVC and FVC were 57.8 ± 26.7, 102.0 ± 18.8, and 79.6 ± 22.7, respectively. Mean % predicted FEV1/FVC ratio values above 80% suggest the incidence of minimal obstructive lung function defect, while values below 80% indicate mild to severe pulmonary obstructive defects. In the study of Vegas et al. (2013) , the absence of abnormal lung function in poultry-farm workers was observed.
The health survey results suggest better health profile of the workers of the modern poultry farms under study in comparison to those documented in the earlier studies in older poultry production facilities and hatcheries, with less effective ventilation (Skórska et al., 2007) . However, most workers presented restrictive respiratory defects, indicating the prevalence of respiratory hazards in the poultry farm environment. In contrast, many previous studies have shown a significant decline in the lung function (Zuskin et al., 1995; Donham et al., 2000; Rylander et al., 2006) , a high prevalence of chronic pulmonary disease (Simpson et al., 1998; Rylander et al., 2006) , and common occurrence of work-related respiratory symptoms in poultry-farm workers (Zuskin et al., 1995; Simpson et al., 1998; Rees et al., 1998) .
Implementation of Standard Management practices
The assessment regarding the adherence to best management practices indicated maximum compliance of the farms with standard guidelines and management practices. The checklist mainly included standard management methods and practices relative to feed manufacturing and storage, litter and manure management, ventilation methods and equipment, destocking, cleaning out practices, carcass handling, farm infrastructure, contingency management practices, indoor air quality management, and waste management. Based on the information collected, all farms received pre-processed feeds and had proper feed storage and distribution equipment. With respect to litter and manure management, drinking waterlines were monitored on daily basis to avoid leakages and litter caking, which cause odor emissions. In addition, manure belts were frequently emptied, and manure was dried on daily basis. It was observed that mostly absorbent bedding material (rice husk) was used, and additional litter was added accordingly on daily basis to avoid wet litter and litter caking, which are associated with ammonia production.
Six out of the eight studied poultry farms presented good housekeeping, which involved daily cleanliness check of the manure belts and pop holes. Five of the eight selected farms had separate system for waste water collection. All farms regularly emptied water tanks to prevent overflow. The doors were kept closed and ventilation was reduced during cleanout activities in order to control odor emissions. Only three farms carried out cleanout activities within one day of destocking, whereas these activities were performed within one week after destocking in the remaining farms. However, none of the farms took measures to avoid dust build-up in any place. All the selected farms had efficient temperature and humidity management systems, which included indoor temperature and humidity measurement devices, humidifiers, and ventilation fans. Ventilation matched the needs of the birds, and fan velocity was increased as needed, and was reduced during cleanout activities. Ventilation is considered as one of the key determinants of workers' respiratory health (Autenrieth et al., 2016) .
Two farms did not present efficient carcass management, such as insufficient collection frequency and poor carcass storage location. As for used litter and manure management, the used litter was transferred to trucks in a contained area if not stored on site. Most of the farms had adequate incident-reporting systems. However, none of the farms had monitoring systems for decomposition gases, such as ammonia and carbon dioxide. Five of the farms presented adequate and regular maintenance of the sheds. Municipal solid waste management facilities were available in the area of the farms, except for two farms, which burnt waste on site.
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CONCLUSION
Although many epidemiological research studies have associated daily exposure to various pollutants in poultry production facilities with consequent impaired respiratory health of workers, production efficiency has improved in the recent years and it is considered highly significant for quality management. The present study showed that the monitored environmental air quality parameter values were well below the permissible occupational health limits. The health survey of the workers indicated lower prevalence of work-related symptoms compared with previous studies mainly due to the short period of employment and to the cleaner environment of modern poultry farms. Nonetheless, the spirometry tests showed that most of the poultry-farm workers presented restrictive lung defects, indicating the presence of respiratory hazards in poultry farms.
